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Abstract 

Updated results of the experiment E94-107 hypernuclear spectroscopy in Hall 
A of the Thomas Jefferson National Accelerator Facility (Jefferson Lab), are 
presented. The experiment provides high resolution spectra of excitation 
energy for ]^B, ]^N, and \Li hypernuclei obtained by electroproduction of 
strangeness. A new theoretical calculation for ]^B, final results for ]^N, and 
discussion of the preliminary results of \Li are reported. 
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1. Introduction 

The investigation of hypernuclei using electromagnetic probes presents 
the following advantages: 
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- energy resolution of the order of few hundreds keV is obtained; 

- natural and unnatural parity states can be populated in the produced 
hypernucleus, due to the large 3-momentum transfer ((<f > 250 MeV/c) 
and strong spin flip; 

- mirror hyp ernuclei are produced with respect to those investigated with 
hadron probes; 

Despite the very small cross sections of electroproduction of hypernuclei, 
Jefferson Lab is able to provide high-current and high quality beam for suc- 
cessfully performing such experiments. For this purpose, a pair of septum 
magnets and a RICH detector [1] were added to the Hall A standard appa- 
ratus 

2. Results for 12 C(e, e'K+))?B 
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Figure 1: Excitation energy spectrum of the 12 C(e, e'K + )]^B compared with a new the- 
oretical calculation (dashed line, see text). 

The results of the investigation of the 12 C(e, e'K + ) 1 ^B have been already 
described elsewhere jijj]. With respect to the previously published data, a 
new theoretical prediction has been calculated and its comparison with the 
experimental spectrum is shown in Fig. [TJ The theoretical cross sections, 
for all of the investigated hypernuclei, are obtained in the framework of the 
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Figure 2: Excitation energy spectrum of the le O(e, e'K + ) 1 ^N compared with the theoret- 
ical calculation. 

distorted wave impulse approximation (DWIA) [3] using the Saclay-Lyon 
(SLA) model [5| for the elementary p(e, e'K + )A reaction. Shell-model wave 
functions are determined using a parametrization of the AN interaction that 
fits the precise 7-ray hypernuclear spectra of \Li |6j . The new curve has been 
obtained with an improved calculation of the optical potential of the K + , 
consisting of a stronger absorbtion with respect to the previous predictions. 
Now the agreement with the data for the ground state and the core-excited 
states is very good, while the discrepancy for the p-shell part of the spectrum 
is slightly increased with respect to the previous calculations. 

3. Results for ls O(e, e'K+))*N 

The results of the investigation of the 16 0(e, e l K + ) 1 ^N have been recently 
published elsewhere J?}. They are briefly summarized below: 

- for the first time, the energy spectrum of has been obtained, al- 
lowing a direct comparison with the available data on the mirror 
hypernucleus; 

- the use of a waterfall target [s| allowed the precise determination of the 
binding energy, calibrated using the reaction of elementary p(e, e'K + )A 
reaction on hydrogen; 
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- the comparison with the theoretical predictions provide restrictions on 
the spacings of the levels contributing to each peak and, therefore, on 
the A spin-orbits part of the effective interaction sa; 

The Table [1] and Fig. [2] report the details of the comparison of the fit to the 
data with the theoretical calculations. Four distinguished peaks are observed. 



Table 1: Levels and cross sections obtained by fitting the 16 0(e, e'K + )]^N spectrum (first 
two columns) compared with theoretical predictions (last four columns). 



E x 
(MeV) 


Cross section 
(nb/sr 2 /GeV) 


E x 
(MeV) 


Wave function 


.r 


Cross section 
(n6/sr 2 /Ge1/) 


0.00 


1.45 ± 0.26 


0.00 
0.03 


Pl/2 « 
Pl/2 <5 


5 S1/2A 
5 S1/2A 


0- 
1- 


0.002 
1.45 


6.83 ± 0.06 


3.16 ± 0.35 


6.71 
6.93 


P3/2 $ 
P3/2 << 


5 S1/2A 

5 «1/2A 


1- 
2- 


0.80 
2.11 


10.92 ± 0.07 


2.11 ± 0.37 


11.00 
11.07 


P1/2 

Pl/2 « 


3 P3/2A 
§ P1/2A 


2+ 
1+ 


1.82 
0.62 


17.10 ± 0.07 


3.44 ± 0.52 


17.56 
17.57 


P3/2 
P3/2 << 


5P1/2A 
5 P3/2A 


2+ 
3+ 


2.10 
2.26 



The experimental results show a good agreement with the predictions. The 
A separation energy of the ground state results in B\ = 13.76 ± 0.16 MeV. 
The largest discrepancy between theory and experiment is in the position of 
the fourth peak, but the prediction of the excitation energies of thepositive- 
parity states (see Table [TJ can be uncertain by few hundreds keV [7J . 



4. Results for 9 Be(e, e'K+)\Li 

The results of the analysis of the 9 Be(e, e'K + ) 9 A Li, reported in Fig. [31 are 
still preliminary. Fine corrections to the excitation energy spectrum are still 
ongoing, but different interpretations can already be argued on the present 
status of the analysis. 

For this hypernucleus, it is not possible to perform a peak search with the 
algorithm used for the other spectra, because a convolution of peaks is clearly 
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Figure 3: Excitation energy spectrum of the 9 Be(e, e' K + )\Li compared with theoretical 
curves assuming a FWHM spread of the levels of 300 keV, 600 keV, and 900 keV. 

Table 2: Preliminary results of levels obtained by fitting the 9 Be(e, e'K + )\Li spectrum 
assuming three peaks of different widths. 



E x Cross section Resolution FWHM 

(MeV) (nb/sr 2 /GeV) (MeV) 



0.0 ±0.04 


1.25 ±0.15 


1.10 ±0.18 


1.39 ±0.07 


1.12 ±0.15 


1.02 ±0.21 


2.25 ±0.05 


0.38 ±0.11 


0.44 ±0.12 



observed. The bin for the histogram of the excitation energy spectrum is set 
to 150 keV. In Fig. [31 the theoretical curve is superimposed on the data. 
Different energy resolutions have been assumed to spread the levels. In the 
case of 600 keV resolution, it clearly results in three main structures also 
compatible with the convolutions of multiple levels in the measured spectrum. 
If a fit with only two peaks is performed, the FWHM widths of the peaks are 
1.0 MeV and 1.7 MeV respectively. The reduced^ 2 {x 2 /NDF) for the fit 
is 1.40. The fit procedure is described elsewhere [3j. A fit with three peaks 
is also guided by the three main structures predicted by the theory. In this 
case the results are reported in Tableland Fig. HI The value of ^/NDF 
for the fit is 1.34. 
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Finally, an attempt to disentangle the different contributions coming from 
the multiple levels calls for a fit with five peaks, as guided by the theoretical 
model. Since in principle the width of the peaks should be the same for the 
single states, determined by the experimental resolution, in this case the fit 
is performed assuming the same resolution for the single states. The result 
of this fit for the width of the individual peaks is 710 ± 140 keV FWHM, in 
agreement with the measurements on and N. The result is shown in 
Fig. El The value of x 2 /NDF for the fit is 1.14. 




Excitation Energy (MeV) 

Figure 4: The spectrum shown in Fig. [3] fitted with three peaks. 

In any case, the discrepancy between the experimental data and the the- 
oretical curve is rather evident. The preliminary comparison is shown in 
the Table [3j However, since the individual peaks in the observed structure 
are not resolved, small corrections expected in the final results might also 
play a important role in better defining the spectrum. Furthermore, pre- 
cise determination of the binding energy might be possible using the data 
obtained from the Beryllium windows in the waterfall target, or using the 
better known binding energy of the )^B, measured during the same beam 
time with the same setup. 
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Figure 5: Excitation energy spectrum of the 9 Be(e, e'K + )\Li superimposed with a theo- 
retical curve and compared with a fit assuming five peaks of the same width in region of 
interest. 

5. Conclusion 

Experiment E94-107 at Jefferson Lab completed very successful runs on 
three different targets. The results of the hypernuclear spectroscopy per- 
formed on 12 C target and 16 targets are published and they provide impor- 
tant elements for a better understanding of the strangeness physics. Prelimi- 



Table 3: Preliminary results of levels and cross sections obtained by fitting the 
9 Be(e, e 1 K + )\Li spectrum with five peaks compared with theoretical predictions. 



E x 
(MeV) 


Cross section 
(nb/sr 2 /GeV) 


E x 
(MeV) 


J n 


Cross section 
(nb/sr 2 /GeV) 


0.00 


0.25 ± 0.13 





3/2+ 


0.159 


0.73 ± 0.07 


1.02 ± 0.25 


0.58 


5/2+ 


1.04 


1.73 ± 0.34 


0.45 ± 0.15 


1.43 


1/2+, 3/2+ 


0.591 


2.12 ± 0.11 


0.41 ± 0.14 


2.27 


5/2+ 


0.169 


2.82 ± 0.04 


0.48 ± 0.12 


2.73 


7/2+ 


0.311 
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nary results on the 9 Be target, where the spin-spin term of the A-N potential 
can also be investigated provide additional interesting data for comparison 
with the theoretical models. 
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